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SiitJo leaflets (38.40.80.82.84) stemming from tte 
fnS^S arKl each moving along a "atur^lyj^- 
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while presenting dilatation of the annulus (32;74) alor^ 
iT m^w ads (36:78) thereof so that the path along 

IT^cTfeilei (38.40^.£^rtVS::S 
unaltered. Because of its P'-^"® J*"'*; 
oroslhesis of the invention does not produce a syslouc 
S^^nof the mitml valve (30). The use of such 

fSS^jSXsis prevents dilatation of the annulus 

Ste non-closure of the mitral and tr«usp.d v^es 
lS^)^uX^systolic contraction. During diaslote 
(30.7<i) ounna J ^jn^ along its 

fiSn toTe increased Hood 

Ta^^rS irarent physi.og^ and patho- 
logical!" 
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Description 

The present invention relates to a prosthesis 
intended for the surgical correction of cardiac valvular 
diseases and, more particularly, for the annutoplasty of 
nnitral and tricuspid valves. 

Mitral and tricuspid valves are present at the left 
and right atrio-ventricular junctions, respectively, of the 
human heart. These valves open and dose in response 
to pressure gradient during each cardiac cyde of relax- 
ation and contraction. Their function is to prevent the 
blood from flowing into atria from ventrcies. 

These valves consist of leaflets, an annulus from 
which the leaflets stem and a complex consisting of 
chordea and papillary muscles. The papillary muscles 
originate from ventricular muscle mass and are 
attached to the free margins of the leaflets through chor- 
dea. The size of the leaflets is such that when the heart 
contracts, the resulting increased Wood pressure within 
the ventricle cavity pushes the leaflets towards the atrial 
cavity. During this process, the free margins of the leaf- 
lets come in apposition to each other and dose the 
atrial-ventricular passage The chordea and papillary 
musde conplex holds them in this position throughout 
the state of inaeased intraventricular pressure and pre- 
vents the leaflets from bulging into and opening in the 
atrial cavity. One of the conditions in which the mitral or 
tricuspid valve can become functionally incompetent is 
when the annulus become dilated, generally as a result 
of acquired and/or degenerative diseases and disor- 
ders. Due to the inaeased diameter of the annulus, the 
tips of the valve cusps fail to meet each other during 
systolic contraction. This non-dosure of the valve allows 
the blood to enter into atria from ventrides and renders 
them incompetent. 

There have l>een mainly two different approaches 
in annuloplasty, i.e.. re-modeiing and nanowing of the 
annulus. in remodeling annuloplasty. after exdsing the 
excess tissue, a rigid metallic ring of appropriate size is 
inplanted in the annulus which restores the natural 
shape of the annulus and reduces its diameter to a level 
where the leaflets length becomes adequate enough to 
dose the valve. Although this technique has been 
applied successfully for the last so many years, it has 
many pitfalls. Unlike the natural annulus, the ring is rigid 
and does not decrease in diameter during systolic con- 
tractions <x increase in diameter during diastolic expan- 
sions. Because of its rigid nature, during systole, the 
ring bulges into the left ventricular outflow tract, causing 
a systolic anterior motion (SAh/l), a well recognized and 
documented conplication and thus giving rise to 
obstnjction to the Wood flow. The rigid ring does not 
allow the annulus to respond to the heamodynamic and 
functional changes produced within the heart under dif- 
ferent physiological and pathological conditions. The 
annulus is unable to contract and dilate. Consequently, 
the sutures undergo stress and there is increased risk 
of ring dehiscence. 


In narrowing annutoplasty, a flexible purse-string 
type of assen*ly Is implanted at the annulus. The annu- 
lus is made nanow by adjiffiting the length of the string. 
In this type of repair, the natural shape and oonfigura- 

5 tion of the valve is lost leading to curiing of the leaflets 
and resulting in less than periect repair and valve func- 
tion. Since the string used is non-stretchaWe, the annu- 
lus does not dilate in high cardiac output states. The 
SAM proWen is not seen in tNs type of repair provided 

ro excess tissue on posterior mitral cusp is excised. 

Recently, a semi-rigid annuloplasty ring has t)een 
introduced. This ring made of alternating strips of 
metal and ptestic and covered with fabric. T>^ configu- 
ration allows a certain amount of flextoility in antero- 

75 posterior direction. The natural shape of the valve is 
restored but the annulus is still unable to adjust to high 
output Wood flow conditions and there is no increase in 
size as the age of the patient progresses. 

It is tiierefbre an object of the present invention to 

20 overconne the above drawbacks and to provide an 
improved support prosthesis which enaWes the annulus 
to dilate in response to heamodynamic and functional 
changes, increased Wood flow and pressure, without 
affecting tiie operativeness of tiie leaflets. 

25 In accordance with the present invention, there is 
provided a support prosthesis for a natural human heart 
valve having an annulus of generally oval configuration 
with a major axis and a minor axis and at least two leaf- 
lets stemming from said annulus and each moving 

30 along a naturally pre-ordained path during systolic con- 
traction or diastolic expansion. The support prosthesis 
of the invention consists of an oWong. annular flexible 
member of a size and shape to fit against tiie annulus, 
the member having a longitudinal axis and being made 

35 Of a biocompatiWe material exhbiting elasticity only 
along the longitudinal axis so as to permit cfilatation of 
ttie annulus along the major axis thereof, in response to 
heamodynamic and functional changes, while prevent- 
ing dilatation of the annulus along the minor axis thereof 

40 SO that the path along which each leaflet travels remains 
unaltered. 

According to a preferred embodiment, the biocom- 
patble material is a fibrous biocompattole material hav- 
ing fibers oriented in a manner to provide the aforesaid 
45 elasticity. Preferably, such a fft)rous biocompatible mate- 
rial facilitates growtti of endothelial cells so that the 
member becomes embedded in erKlothelium, thereby 
prev^ng dot formation; possble dehiscence of tiie 
member is conviletely eliminated. An example of a suit- 
so able material exhbiti^ tiiese properties is a modified 
form of pdytetrafluoroethylene sold under the trade- 
mark GORE-TEX. Suture stitches can pass through 
such a material so that no track or recesses are left 
behind, which can become sites for hartx>ring infectious 
55 agents. This material also allows one to produce a 
seamless and jointiess ment)er. by either stamping or 
by simply cutting the member out in the desired shapes 
and sizes. The shapes are different for mitrai and tricus- 
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pid valves. The member is Bjdiff««rt 

order to meet the clinical requiremertts in dHlerenl Bidi- 

viduals requiririg ditferent cardiac output. 

Sirwe the member is made d a single material 
there is no possibility ot material wear as seen witti • 
Si;^»tpSi«ismadeofs«eral materials and 

another preferred en^xxf-me^ the 
member is substantiallyflat and has two opp^e planar 

surfaces, thereby occupying minimal '"^'acardac^e 
^volume. AtleastonedthesurfacesspKWKled wrth 
orientation martyrs allowing the surgeon to orient the 
member while it is being placed in position. 

^cause of its pliable and flexible nature, ttie sup- 
port prosthesis of the invention does not Pfoduce_ a 
systJteanterior motion of the mitral or tr«usprf valve 
S^totheseatofimplanmtlonai^^ 

structures; in particular, the support pn>s«hesisof the 
Son adapte to the shape of the aort« root and 

SSs tt to^^nd freely in response to heamodyr«rn.c 
iS^iiiorchanges within the aorta. Complete tto^ 
ibiMy allows natural contiBCtibility of the annuli« dunng 
s^ole and eriminates stress on the suture and ^hs- 
cSce of the member. The support fO^e^soMhe 
iiwention does not interfer with the nomnal dyramic 
'SofthemHralandtricuspWannu^duriij^^^^ 
contraction or diastolic expansionjhe f ^ d su* a 
support prosthesis prevents dilatabon d «he annate 
Sten^noraxisandthereby presents m«|-dos^^^^ 

the mitral and tricuspid valves dunng ^'i^^^^ 
tion During diastolic expansion, the annulusMnditete 

Tng its nior axis in response to the heamodyiamK 
S hSal changes in different physiological and 

pathological states. wKle adequate support 'S P|W|^ 
^p^osthesistotheannulus. The support prosm^s 

Scord^tgtotheirwentionrestoresaridreton^J^ 

fological size and shape of the annJus wrthout render- 

'Ser features and advantages d the invention 
win become mor« readily apparent from Aie foltowing 
dicription d preferred entoxJimerts as .Uj«^^ by 
way of exairple in the accompanying drawings, m 
which: 


Rg. 5 is an elevaBonal view thered; and 

Rg. 6 is a schematic sectional view d a n*iral 
hJron heart ilustrating the tricuspid valve f«ed 
with the sipport prosthesis d Rg. 4 shewn n bro- 
ken Ones. 


Ro 1 is a top plan view d a support prosthwis for 
amitral valve, according to a preferred embodiment 
d the invention: 

Rg. 2 is an elerational view thered; 

Rg 3 is a schematic sectional view d a natural 
human heart illustraBng the mitral valve f tted w* 
the support prosthesis d Rg. 1 shown m broken 

lines; 

Rg. 4 is a top plan view d a support Pr^^^ 
a tricuspid valve, according to a preferred embodi- 
mentd the invention; 


The mitral prosthesis fliustrated in Rgs 1 -3 con^te 
d a substentially flat oblong, annular member io nav- 

bS 10 which is seamless and i»ntless 
rertHnear segment 16. a cunrad s^ 18 andlw 
^portions 20.20-. ris made d a fto»us t^oo^j*^ 
ble Sal which isflexibie andhasftoeraonerted ma 
,5 J^^astoprovideelastidtyontyalonglhelon. 
SSL^622DuetDSuchanelasticity.the«^por- 

Sot^ are «cten«ble along ^-^^^ 
tt,e segments 16 and 18 remain in alaed P«*onrJte 
L Xdher. Bdh surfaces 12 and 14 arepKwtol 
« Lh orientation mari«rs 24 anowing the sur^onto^ 
ert the men*er 10 whHe it is being placed mposrtion 

againsltheannulus da mitral valve. 
^Rg. 3 illustrates the left atrium 25 (on^ the^ 
shown) d a normal human heart 26. wh«h « s^a«^ 
« fromtherigWventride27bytheventncuto^Juma^ 
Disposedatthebottomdtheleftatr.um25,sfr«n^^ 

30 which comprises an annu^ ^^J^^ 
oval configuraBon wHh a major axis 34 and a mina axis 
^TaXSr and posterior leaflets 38.40 stemrmng from 
30 «;eannulus32andpapillarymu6cle642auadiedtott« 
rrZoinsd the teaftets 38.40 through choidea44. 
S.Srare the aortic cusps 46. The mit«-^o^- 
SlO has a size and shape to fit aga««t the anraj* 
32. AS sha«n. the rectilinear segmertiedthepro^e- 

35 Sextendsalongamajorportondlhean^^ 

which stems the anterior leaflets ^^^1^ 
ment 18 extending along a major portion Jhe^T^ 
^ which stems the posterior leaflet 40^ n*J 

prosthesis 10 is secured to the ^^^^1^ 
« ^nuous mattress suturing or by interrupted sutures. 

deoendina upon the discrdiond the swgeon. 
'^SStiS^ portions 20.20- d the ^^^^ 
sis 10 are extensible along the longitudinal ^^T^ 
Sert with the major axis 34 d the annJus 32. the 
« SS^lJpenStstheannulusSatodMea^^ 
axis 34 in response to the increased flow 
andpressure in different physidogical and pathologica^ 
\Z, thereby enaW^ the val^e^nrng 48 to 
increase in length so as to accommodate a^ch an 
so ;aeasedbloodflow.Onthedherhand.smcethesB^ 
1^16 and 18 d the mitral prosthesis 10 remain in a 

STpSiSn relative to one andher. «he prost^« « 
J^the annulus 32 from dilating a^ng "6 rn"»r 
Sds 36 so that prevents the paths along whu*i theteaf- 
55 S^S.Strav?remainunaKered.The fu op«r^ 
n«sdtheanteriorleaflet38andposteriorleaf^« 

^retained during increased Wood flow ^ pr^«- 
The tricuspid prosthesis Blusliatedin Figs 4^ also 


3 


r 


EPO 860151 A1 


6 


consiste of a substantially flat, annular ment)er 50 hav- 
Si^iwwsite planar surfaces S» and 54. The mem- 
S^Sristeamless ar^ jointle^ conprises a 
recbtnear segment 56. a slightty curved segment 58 

fte member 50 is made of a Ibrous bKWon^tible 
'^eTr^f^ich is flexible and l,as fibers onented .n a 
manner such as to provide elastidty orjr atoj^ «» 
aitudinal axis 62. Due to such an elasticity, the end pw 
SSaeO- are extensible along the axis 62 whereas ,o 

STsSSits 56 and 58 remain in a ftxedj«rt«.n rete- 
five to one another. Both surfaces 52 and 54 are ^ 
Sled with orientation markers 64 aUcwing the surgeon 
to orient the member 50 while a is being placed in post- 
tionagainsltheannulus of a tricuspid valve. rs 

Fig 4 illustrates the base of the ventricular partof 
the h^rt 26 with the atria and O'*' ^^^JT^'IJ?: 
Reference numerals 66. 68 and 70 *s«r«te the^M 
atrium(onlythebottomshown),aorte^ngW^^ 

cte rei)e<*vely. Disposed at the bottom of the nghl » 
SSuISa is the tricuspid valve 72 which compnses an 
annulus 74 of generally oval configuration wrth a major 
^76 and a minor axis 78. and anterior, poslerwr «ri 
septal leaflets 80.82.84 stemming fromjeannu^^ 
thT papillary muscles and cho,dea wh|d.atladiJ« » 

pLpiSS muscles to the free margins of «« 1^1* 
SS2and84 are not shown. -me tricuspripr<»th^sOT 

a size and shape to fit against the annulus 74. As 
S^ Se^SSSir segment 56 d the pro^ 
UnJs along a major portion ofttjean^^ ^ 
which stem the posterior and septal leaflets 82.84. the 
S^Sd iment'sTextendlng along a major |«t«« of 
the anrwks74from which stems the antenorleafirt TO. 
TJe^«UidP««»«i8i68ecuredtotheannulus74by 
llSeV^nuous mattress suturing a by internipted ^ 
:SesXencr.ng uponthediscretion o«*»e surge^ 
Since L end portions 60.60- of the tnaj"^^ 
thesis 50 are extensible along the longrtudir«l ws 62 
^Scidentwiththemajoraxis76oftheannulus74.the 

;S«is50permitstheannulus74totf^tea^^ « 
S«jor axis 76 in response to the ^creased t^ oodflw 
ani pressure in different physiologi«^ "^^^St 

stat^ thereby enabling the «^«?P«^^ 
increase in length so as to accomnwdate su* an 

J^easedbloadflow.0ntheotherhand.s.n^the8a». « 

n«rt8 56 and 58 of the tricuspid proslhesB 50 rOT^^ 

S^JcS? relation to one another, the pmsthes« 

» preveTthe annulus 74 from <«^"9 .""^^ 
axis 78 and so that the paths along which theleaftete 

rA^elremainunattered.Tl^fc;^er^^ - 
of *e anterior leaflet 80. posterior leaflet 82 art«^ 
leaflet 84 is thus retained during increased blood flow 
and pressure. 

St 

Claims 

1. A support prosthesis for a nalujJ Jl^ 
valve (30;72) having an annulus (32.74) of gener 


ally oval configuration with a major axis (3*;76) and 
a minor axis (36:78) and at least taro l«fl^ 
(3840-80.82.84) stemmng from said annulus 
(32"74) and each moving along a naturally pre- 
ordkmed path during systolic contraction or dasto- 
Dc expansioa said support prosthesis coreisjn^^ 
anXng. annular flexible member (10;50) havmg 
a longitudinal axis (22;62) and a size and stepe to 
f it against said annulus, charactenzed m ftat sari 
mei*er is made ofabiocompatiblemalenal exhib- 
iting elasticity only along said longitudinal axis 
Sea) so as to pemiit dilatation of s«d annulus 
32 74 along the major axis (34:76) thereof, m 
response to heamodynamic and ftmcHonal 
ctames. while preventing dflatation of saidannulire 
(32:74) along the minor axis (36:78) thereof so 
Ihe path along which each sari leaflet 
(38.40-30.82,84) trawete remains unalterea. 

2 Asupportprosthesisasclaimedindaiml.charac- 
tertMd in that sari biocompatible matenal is a 
fibrous material having fibers oriented in a manner 
to provWe said elasticity. 

X A support prosthesis as daimed in claim 2. charac- 
fer^in Lt said fibrous biocompatible mat«^ 
facilitates growth of endothelial cells sottet sari 
mentoer becomes embedded m endothelium, 
thereby prevenfing dot formation. 

4 A support prosthesis as daimed in daim 3. d«rac- 
S-inLsaidfibrousbiocompatibten-tenal^ 
a modHied tomi of pdytetrafluoroethylene sou 
under the tradenwk QORE-TEX. 

5 Asupportprosthesisasdaimedindaim'UdTarac- 
reSinthalsaWmer*er(10;S0)isseamlessand 

jdntless. 

fi A support prosthesis as daimed in daim l.diarac- 
teSdli Sal said member (10-.50) is substantially 
ftet and has two opposite planar surfaces 
(10.14;52.54). and wherein at least one of «ri 6^^^ 
faces is provided with orientation markers (24.64). 

7 A support prosthesis as daimed in daim l.charac- 
teSSrin*at6arimen*er(i0)hasasaearri 
shape to fit against the annulus of a mitral valve 

(30). 

8 A support prosthesis as daimed in daim 7. charac- 
teS^L the leaflets d said mitral «lvB^(^^ 
Lprise anterior and posterior leaflets (38.40) and 

Sl^em saw member (10) h^ « "^^^!?: 
ment (16) corresponding tosari anteriorities ^2 
and a curved segment (18) oonesponding to sari 

posterior leaflet (40). 
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A support prosthesis as claimed in claim 1 . charac- 
teSedin that said member (50) has a sfee arid 
shape to « againsl Ihe annulus of a iricuspid valve 

(72). 

, A support proslhesis as claimed in claim 9. charac- 
teSSrnthal1heleaflet8rfsaldtricusp.dvalve(72 
comprise anterior, posterior "id sept^ lea^lete 
(80 82 84) and wherein said member (50) nas a 
ecBlinear segment (56) corresponding to sad pos- 
terior and septal leaHets (82.84) and a curved seg- 
ment (56) corresponding to said antenor leaflet 
(80). 
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